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ABSTRACT 



Objective: This study aimed at evaluating the degree of conversion (DC) of four composite 
resins, being one nanofilled and 3 microhybrid resins, photo-activated with second- 
and third-generation light-emitting diodes (LEDs). Material and methods: Filtek™ Z350 
nanofilled composite resins and Amelogen® Plus, Vit-l-escence™ and Opallis microhybrid 
resins were photo-activated with two second-generation LEDs (Radii-cal and Elipar Free 
Light™ 2) and one third-generation LED (Ultra-Lume LED 5) by continuous light mode, 
and a quartz halogen-tungsten bulb (QHT, control). After 24 h of storage, the samples 
were pulverized into fine powder and 5 mg of each material were mixed with 100 mg of 
potassium bromide (KBr). After homogenization, they were pressed, which resulted in 
a pellet that was evaluated using an infrared spectromer (Nexus 470, Thermo Nicolet) 
equipped with TGS detector using diffuse reflectance (32 scans, resolution of 4 crrr 1 ) coupled 
to a computer. The percentage of unreacted carbon-carbon double bonds (% C=C) was 
determined from the ratio of absorbance intensities of aliphatic C=C (peak at 1637 cm-1) 
against internal standard before and after curing of the specimen: aromatic C-C (peak at 
1610 cm-1). Results: The ANOVA showed a significant effect on the interaction between 
the light-curing units (LCUs) and the composite resins (p<0.001). The Tukey's test showed 
that the nanofilled resin (Filtek™ Z350) and Opallis when photo-activated by the halogen 
lamp (QTH) had the lowest DC compared with the other microhybrid composite resins. The 
DC of the nanofilled resin (Filtek™ Z350) was also lower using LEDs. The highest degrees 
of conversion were obtained using the third-generation LED and one of second-generation 
LEDs (Elipar Free Light™ 2). Conclusions: The nanofilled resin showed the lowest DC, and 
the Vit-l-escence™ microhybrid composite resin showed the highest DC. Among the LCUs, 
it was not possible to establish an order, even though the second-generation LED Radii-cal 
provided the lowest DC. 

Key words: Composite resins. Fourier transform infrared spectroscopy. Nanotechnology. 
Light. 
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INTRODUCTION 

Although widely used in diverse industries 
such as biomedicine, electronics, aerospace, 
and means of transportation, it is only recently 
that nanotechnology has begun to be applied to 
Dentistry 8 . Due to their small size, it is possible to 
incorporate more filler content on composite resins 
based on this technology 10 , which results in better 
mechanical properties 8 . Their optical properties are 
also improved, since the diameter of its particles 
is a fraction of a visible light wavelength, and the 
human eye cannot distinguish them 8 . 

Given its many deficiencies, such as short life and 
heat production 5 , quartz-tungsten halogen (QTH) 
lamps are being replaced by other light sources, 
especially light-emitting diodes (LEDs). Technical 
advancements in LED light-curing units (LCUs) 
have occurred rapidly since their introduction to 
Dentistry, and second-generation blue LED systems 
are capable of performing equal to QTH LCUs 17 . 
The first-generation units consisted of an array of 
relatively low-powered chips offering a comparative 
low output and poor curing performance compared 
with QTH LCUs 15 . Second-generation models 
demonstrate better performance, using a single 
chip of much higher surface area that emits only 
one color range of grealy incresead output power 26 . 
Currently, the LEDs systems are already in their 
third generation, characterized by the presence 
of the same chip used by the second-generation 
systems plus other low-powered chips which will 
emit a second frequency in the violet spectral 
range 17 . 

Composite resins with polymer matrices that 
exhibit bifunctional monomers (Bis-GMA, Bis- 
EMA, TEGDMA) whose polymerization reaction 
generates glassy polymers with dense cross- 
linked networks 23 . Ideally, composites should have 
most of their monomers converted into polymers 
during polymerization. Resin-based material 
polymerization involves free radical reaction in 
which the material is transformed from a viscous 
to a rigid state. During this process, the terminal 
aliphatic C=C bonds are broken and converted to 
primary C-C covalent bonds between methacrylate 
monomers. As polymerization progresses, however, 
the diffusion rate of the propagating free radicals 
undergoes a strong reduction. Thus, monomer 
conversion is not complete and, at the end of 
the reaction, part of the monomers remains as 
pendant double bonds or unreacted monomers 
trapped in the polymeric matrix 12 . Nevertheless, 
the dimethacrylate polymers exhibit considerable 
residual unsaturation in the final product, with 
a degree of conversion (DC) ranging from 55 to 
75% 6 ' 19 . The literature shows that the formation 
mechanism of free radical in the polymer varies with 



the photoinitiator system used 25 . Authors like Conti, 
et al. 2 (2005) consider that the emission spectra of 
LCUs and absorption photoinitiators are essential 
for adequate polymerization. 

The physical and mechanical properties of photo- 
cured composites are directly influenced by the 
level of conversion achieved during polymerization 9 . 
Lower degree of conversion provides composites 
with inferior mechanical properties and greater 
discoloration and degradation 20 and as a result, 
restorations with poor wear resistance and poor 
color permanence 18 . 

The purpose of this study was to investigate the 
influence of different light sources - three LEDs, 
two of the second and one of the third generations 
on the DC of nanofilled and microhybrid composite 
resins. 

MATERIAL AND METHODS 

Composite resins 

A nanofilled composite resin (Filtek™ Z350) and 
three microhybrid composite resins (Amelogen® 
Plus, Vit-l-escence™ and Opallis), all indicated for 
dentin at shade A 2 , were used. The characteristics 
and manufacturers of the composite resins can be 
seen in Figure 1. 

Light-curing units 

Two second-generation LEDs - Radii-cal (SDI 
Dental Product SDI, Bayswater, Vitoria, Australia) 
and Elipar Free Light™ 2 (3M ESPE Dental Products, 
St. Paul, MN, USA) - and one third-generation LED 
- Ultra-Lume LED 5 (Ultradent, South Jordan UTAH, 
USA) - were used. A halogen LCU (Ultralux; Dabi 
Atlante, Ribeirao Preto, SP, Brazil) was used as the 
control group. The power was measured before 
specimen preparation at the end of the light-guide 
tip of all LCUs with a power meter (Fieldmaster, 
Coherent Commercial Products Division, Santa 
Clara, CA, USA, model FM, series 11M96) and the 
power density values were calculated using the 
equation : i = P / A , where P is the power, in milliwatts, 
and A is the light tip area, in square centimeters. 

Figure 2 shows the the main characteristics of 
the LCUs used in this study. 

Specimen preparation 

To obtain the samples, a circular matrix of 
aluminum with an external diameter of 2.5 cm 
and a central diameter of 4 mm, and depth of 2 
mm was used. A mylar strip was placed on a glass 
plate, and the matrix was positioned over that. 
Using a CIGFTMIN 3 spatula (Oraltech, Sao Paulo, 
SP, Brazil), the composite resin was placed in the 
central orifice in a single increment. A second mylar 
strip was placed over the composite resin and 
another glass plate was slightly compressed in order 
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Polymer 
matrix 


Filler content 


% Load 


Batch 
number 


Manufacturer 


Vit-I. 

escence™ 


Bis-GMA 
TEGDMA 


Strontium Glass 
Boron Aluminum Silicate with 
silica particles from 0.4-0.7 |am 


58% vol. 
75% weight 


B2W76 


Ultradent, South Jordan, 
UT, USA 


Amelogen® 
Plus 


Bis-GMA 
TEGDMA 


Barium Boron Aluminum 
particles from 0.4-0.7 


61% vol. 
78% weight 


B2XGJ 


Ultradent, South Jordan, 
UT, USA 


Opallis 


Bis-GMA 
Bis-EMA 
TEGDMA 


Barium-Aluminum Glass 
Silanized silica 
Pigments and silicas particles 
from 40 nm to 3.0 |am 


57.8% vol. 
78.5% to 
79% weight 


090109 


FGM Dental Products, 
Joinville, SC, Brazil 


Filtek™ Z350 


Bis-GMA 
Bis-EMA 

TEGDMA 


Primary silica (non-agglomerated) 
Average size of 20 nm and 
zirconium and 
silica agglomerates with particles 
between 5 and 20 nm forming 
agglomerates of 0.6 to 1 .4 \im 


84.5% vol. 
78.5% weight 


6CY 


3M ESPE Dental Products, 
St. Paul, MN, USA 



Figure 1- Main characteristics of the composite resins used in the study 



Unit 


Number 
of LEDs 


Wavelength 
range 


Power density 


Diameter 


Serial 
number 


Ultra Lume LED 5 


5 


370 nm - 500 nm 


800 mW/cm 2 


10 mm x 13 mm, 
oval 


509510 


Radii-cal 


1 


440 nm - 480 nm 


970 mW/cm 2 


7 mm, circular 


415614 


Elipar FreeLight™ 2 


1 


430 nm - 480 nm 


980 mW/cm 2 


8 mm, circular 


939826018134 


Ultralux (QTH) 




400 nm - 500 nm 


426 mW/cm 2 


8 mm, circular 


4366 



Figure 2- Characteristics of light-curing units used in this study 



to regularize the external surface of the samples. 

The light-guide tips of the LCUs were placed 
over the matrix containing the composite resin 
at a standardized distance of 2 mm from the top 
surface of the material and photo-activation was 
done during 40 s 16 . After photo-activation, the 
specimens were stored under dry conditions at 
room temperature in light-proof containers 4 , and 
identified according to the study groups. 

After 24 h, the composite resin was pulverized 
into fine powder. The pulverized composite resin 
was maintained in a dark room until the moment 
of the Fourier transform-infrared spectroscopy (FT- 
IR) analyses. Five milligrams of the ground powder 
were thoroughly mixed with 100 mg of KBr powder 
salt. This mixture was placed into a pelleting device 
and then pressed in a press with a load of 10 tons 
during 1 min to obtain a pellet 17 . 

Determination of the DC (% DC) 

The number of double-carbon bonds that are 
converted into single bonds provides the DC (% 
DC) of the composite resin. To measure the DC, the 
pellet was placed into a holder attachment into the 
spectrometer (Nexus 470 Thermo Nicolet, Vernon 



Hills, IL, USA). For this technique, the samples 
were made and analyzed 24 h after the photo- 
activation. The FT-IR spectra of both uncured and 
cured samples were analyzed using an accessory 
of the diffuse reflectance. The measurements were 
recorded in the absorbance operating under the 
following conditions: 32 scans, a 4 cm 1 resolution, 
and a 300 to 4000 cm -1 wavelength. The percentage 
of unreactive carbon-carbon double bonds (% C=C) 
was determined from the ratio of the absorbance 
intensities of aliphatic C=C (peak at 1638 cm -1 ) 
against an internal standard before and after the 
curing of the specimen: aromatic C-C (peak at 
1608 cm -1 ). The DC was determined by subtracting 
the % C=C from 100%, according to the equation: 

nros J, ( 1638m '/1608m J )cured \ ]nno/ 

DC %conversion = U , \ x 100% 

[ (1638m -'/1608m ~' ) uncured J 

The assessment of the DC was carried out by 
two-way analysis of variance (ANOVA). Multiple 
comparisons of DC means by the Tukey's test 
followed the analysis. All statistical analyses were 
performed at a 5% significance level. 



J Appl Oral Sci. 214 >012;20(2):212-7 



Degree of conversion of nanofilled and microhybrid composite resins photo-activated by different generations of LEDs 



Table 1- Averages and standard deviations (±SD) for the degree of conversion 
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Means followed by the same letters are not significantly different (Tukey test, p>0.05) 



RESULTS 

There was a significant effect on the interaction 
between the light-curing units (LCUs) and the 
composite resins (p<0.001). As can be seen in 
Table 1, the nanofilled Filtek™ Z350 composite 
resin showed the lowest DC for all light-curing units 
used. The lowest DC was obtained with the use of 
second-generation LED Raddi-cal (49.77%), while 
the best performance was achieved with the use 
of the QTH (55.36%), but without a statistically 
significant difference when compared with the third- 
generation LED Ultra-Lume LED 5 (54.71%). The 
microhybrid resins Opallis and Amelogen® Plus had 
intermediate values for all LCUs used. The highest 
percentage of conversion of monomers into polymer 
composite was obtained with Vit-l-escence™ 
microhybrid resin photoactivated with any of the 
LCUs. However no statistically significant difference 
was observed for Elipar Free Light™ 2 (69.70%) 
and Ultralux (67.82%). Comparisons among the 
DC mean values according to the LCUs were as 
follows: Ultralux (Filtek™ Z350=Opallis®<Amelogen 
Plus® <Vit-l-escence™), Ultra-Lume LED 5 (Filtek™ 
Z350<Opallis®=Amelogen Plus®<Vit-l-escense™), 
Radii-Cal (Filtek™ Z350<Opallis®=Amelogen 
Plus®<Vit-l-escence™) and Elipar Free Light™ 2 
(Filtek™ Z350<Opallis®=Amelogen Plus®<Vit-l- 
escence™). 

It is possible to state that, independent of the 
LCU, the composite resins can be arranged in a 
crescent order according to their DC mean values: 
Filtek™ Z350<Opallis<Amelogen® Plus< Vit-l- 



escence™. Among the LCUs it was not possible 
to establish any order according to the DC mean 
values. 

DISCUSSION 

The size of the charged particle and the refractive 
index, the densities of restorative materials, 
the nature of polymer matrix and the irradiance 
time generated by the method of polymerization 
can influence the DC of dental composite. There 
is consensus in the literature 20 ' 21 that when 
inadequate levels of conversion are achieved 
in the polymerization reaction, the mechanical 
properties and abrasion resistance performance can 
be compromised, and color stability may decline 20 . 

It is known that physical properties of light-cured 
composites may change according to the distance 
from the irradiated surface and, to minimize the 
chances of interference in this study, the space 
between the light guide tip and the samples was 
set at 2 mm 24 . This distance was chosen because 
the authors 5 consider it the shortest distance 
between the LCU light-guide tip and the bottom of 
a Class I composite restoration. FT-IR was chosen 
to analyze the DC because it is an efficient and 
frequently used technique 13,21 and provides a better 
understanding of these materials, which is expected 
to optimize the polymerization process 9 . Infrared 
or heat radiation is an electromagnetic radiation 
invisible to the human eye which limits the length 
of the visible spectrum from 750 urn to 0.5 mm 
and triggers both the vibration and rotation of 
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molecules. This spectroscopy is based on the fact 
that molecules absorb electromagnetic radiation in 
the IR region. These reactive molecules are related 
to the presence of individual functional groups that 
give rise to absorption bands in certain defined 
areas of the spectrum 27 . 

In a recent study 14 , results for DC, when one 
composite resin was light-cured with LED were 
significantly higher than those obtained with 
halogen light curing, which can be explained by 
their wavelengths 24 . However, the difference in our 
study was caused not only by the wavelength, but 
probably also by the different irradiance emitted 
by LCUs or even the organic components of the 
composite resins. Unlike Polydorou, et al. 14 (2008) 
study, we found that the halogen light (QTH) 
provided the best results for the nanofilled resin. 
Probably, the heat generated by the QTH lamp 
has influenced the conversion of monomers into 
polymers. The gradual increase in temperature 
influences the polymerization reaction 3 although 
the heat produced by halogen LCUs may cause 
deleterious effects to the pulp 16 . However, other 
studies are necessary to elucidate this fact 
because this result did not happen with the other 
composites. It is likely that the exposure time and 
power density and consequently energy density can 
be related with the results obtained in this study 6 ' 10 . 

Nonetheless, when the nanofilled and microhybrid 
composites were compared, the DC of the first 
one was lower than that of the other resins light- 
cured by all LCUs used in this study. These results 
are in accordance with those obtained by Silva, 
et al. 22 (2008) and Halvorson, et al. 5 (2002) in 
which the nanofilled resin showed a lower DC. A 
possible explanation for this performance may be 
related to the difference in the composition of the 
organic matrix, size, volume and type of particles 
that interfere with the depth of cure and different 
spread pattern of incident light 7 . The particles can 
cause an effect of dispersing the light because as 
light passes through the increasing density of the 
material, its light intensity is reduced 28 . It is greatly 
outstanding that the results with the nanofilled 
resin showed the lowest DC among all composites 
that were analyzed in this study, which is similar 
to the results obtained by Silva, et al. 22 (2008). 
Those authors 22 showed that non-agglomerated 
silica nanoparticles with mean size of 20 nm may 
have caused a light-scattering effect in nanofilled 
composite. Thus, the power density might have 
been attenuated and the DC decreased. On the 
other hand, in the microhybrid composite, light 
transmittance was probably higher, which can 
explain the results obtained in this investigation. 

When Opallis composite resin was light-cured 
with Elipar Free Light™ 2 and Ultra Lume LED 5 
it was observed the highest DC mean values. 



Amelogen® Plus showed no statistically significant 
differences when light-cured by three of the four 
LCUs (Ultralux QTH, LEDs Ultra Lume LED 5 and 
Elipar Free Light™ 2). Its lower performance 
occurred when LED Raddi-cal was used. 

The highest conversion of monomers into 
polymers was observed for Vit-l-escence™ composite 
resin irrespective of the LCU, with a slight increase 
when Elipar Free Light™ 2 was used. However, all 
composite resins showed a lower DC when light- 
cured with Radii-Cal. In spite of these results, it 
is known that blue LEDs have the advantage of 
a narrower spectral range than QTH lamps and a 
better connection between the emitted light and the 
absorption and photoinitiator camphorquinone 11 . In 
this particular case, there was a slight decline in LED 
ability to convert monomers into polymers, when 
compared with the other LCUs used in this study. 

According to Nitta 10 (2005), the light-guide tip 
diameter can influence the DC. This author 10 found 
that the irradiation emitted by a 4-mm-diameter tip 
was approximately twice that of a 8-mm-diameter 
tip and three times that of a 10-mm-diameter tip 
because the light beam may be scattered depending 
on the type of guide and optical fiber. However, in 
this study, different sizes of light-guide tips (7, 8 
and 13 mm) were used and the lowest DC value 
was obtained with the LED Raddi-cal, which has 
the smallest tip diameter and has a narrower range 
of light spectrum (440-480 nm), allowing a better 
use of the light emitted 1 . This LED provides an 
intensity of 970 mW/cm 2 , which is higher than the 
one from third-generation LED (800 mW/cm 2 ), and 
slightly lower than the one from the other second- 
generation LED (Elipar Free Light™ 2), with 980 
mW/cm 2 . 

In this study, the irradiation time was constant 
for all LCUs (40 s) but, as shown in Figure 2, the 
wavelength range, power density, tip diameter were 
different for the different LCUs. According to Nitta 10 
(2005) the light-guide tip diameter influenced the 
power density values and the DC mean values. 
In this study, it was observed that the different 
dimensions of the light-guide tips did not show 
statistically significant differences, although the 
LED with the smallest light-guide tip showed the 
least performance. 

Considering the results obtained in this study, 
further research is needed in order to elucidate the 
behavior of nanofilled composites when light-cured 
with different LCUs. 

CONCLUSION 

Based on the results obtained in this study, 
among the LCUs used, it was not possible to 
establish an order, even though the second- 
generation LED Raddi-cal showed the lowest DC 
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mean values, regardless of the composite resin 
used. The LCUs did not influence on the final DC 
of the different composite resins. The microhybrid 
resin photoactivated with Elipar Free Light™ 2 
second-generation LED presented the lowest DC 
mean values. Among the composite resins, Filtek™ 
Z350 showed the lowest DC and Vit-l-escence™ 
microhybrid composite resin showed the highest 
DC. 
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